The cAMP pathway regulates both transcription and activity of the paired homeobox transcription factor Phox2a required for development of neural crest-derived and central nervous system-derived catecholaminergic neurons.
Pluripotent neural crest (NC) cells differentiate to diverse lineages, including the neuronal, sympathoadrenal lineage. In primary NC cultures, bone morphogenetic protein 2 (BMP2) requires moderate activation of cAMP signaling for induction of the sympathoadrenal lineage. However, the mechanism by which cAMP signaling synergizes with BMP2 to induce the sympathodrenal lineage is unknown. Herein, we demonstrate that moderate activation of cAMP signaling induces both transcription and activity of proneural transcription factor Phox2a. In NC cultures inhibition of cAMP-response element-binding protein (CREB)-mediated transcription by expression of dominant-negative CREB suppresses Phox2a transcription and sympathoadrenal lineage development. Interestingly, the constitutively active CREB(DIEDML), despite inducing Phox2a transcription, is insufficient for sympathoadrenal lineage development, requiring activation of the cAMP pathway. Because CREB(DIEDML)-mediates cAMP-dependent transcription without requiring activation by the cAMP-dependent protein kinase A (PKA), these results identify PKA activation as necessary in sympathoadrenal lineage development. Treatment of NC cultures with the PKA inhibitor H89 or 1-10 nm okadaic acid (OA), a serine/threonine PP2A-like phosphatase inhibitor, suppresses sympathoadrenal lineage development. Likewise, OA treatment of the CNS-derived catecholaminergic CAD cell line inhibits cAMP-mediated neuronal differentiation. Specifically, OA inhibits cAMP-mediated Phox2a dephosphorylation, cAMP-dependent Phox2a DNA binding in vitro, and cAMP- and Phox2a-dependent dopamine-beta-hydroxylase-luciferase reporter expression. Together, these results support cAMP-dependent Phox2a dephosphorylation is required for its activation. We conclude that moderate activation of cAMP signaling has dual inputs in catecholaminergic, sympathoadrenal lineage development; that is, regulation of both Phox2a transcription and activity. These results provide the first mechanistic understanding of how moderate activation of the cAMP pathway in synergy with BMP2 promotes sympathoadrenal lineage development.